The conductivity of CSz exposed to X -rays varies with the time of application of voltage and time of exposure. It is shown that the various phenomena observed can be explained by barrier potentials due to space charge. Effects with X-rays appear to differ only in degree from those observed without X-rays. At directcurrent fi elds of 70 k vjcm the conductivity had reached about 75 percent of its satumtion value. Measurement of the barrier potential showed it to be linear with applied p ot ential; to decrease with increase in radiation intensity; and t o vary from 40 to 60 p ercent of the applied voltage. Current-decay curves obey a simple power law, the power of time cha nging very slowly with fi eld strength within a given time interval. Square-wave voltage was applied to the cell a n d short interval current m easurements made under essentially direct-current conditions. Current-decay curves for intervals as small as 0.004 sec follow out those made for longer times, but show a sharp increase at about 0.02 sec due probably to sweeping out the initial ions formed in a fi eld-free cell. R eciprocal plot s of ionization currcnt a gainst voltage show the same linearity at high fields as reported previo usly. SUCll plot s obta ined with direct-current or square-wave voltage extrapolate to the same point for 1/V = 0, from whi ch the saturation current may be derived. Using this method, saturation conditions were studied for several types of ionization chamber with different X-ray intensities and qualities. The application of this work to the problem of radiation measurements is discussed briefly, and, in a la rge measure, it verified our earlier work carried out in less detail.
I. INTRODUCTION
Various workers have studied the conductivity effect of ionizing radiations on highly insulating dielectric liquids. Among the earliest work was that of Jaffe 1 and his students,2 who studied the effects of alpha rays and gamma rays on a number of liquids, including carbon disulphide, carbon tetrachloride, and hexane, and explained the current-voltage curves by the theory of columnar ionization.
There are definite dissimilarities between the ionization produced by X-rays in liquids and gases. In liquids the ions are concentrated in densely populated groups or columns within which the recombination rate is very high. As a result of this, the fields normally used to withdraw all the ions produced in a gas (200 v/cm), furnish a measured ionization current which, in liqUIds, is only a small fraction of the saturation current. Also, electrical breakdown of a strongly ionized liquid occurs at field strengths far below saturation current conditions. A further important difference is that various complicated time effects are involved in the ionization of liquids, so that the measured current depends upon the time lapsed after application of voltage and radiation. These time effects were first noted by Jaffe 3 < for liquids exposed to radiation and later studied in considerable detail by Whitehead and Marvin 4 for transformer oils at moderate field strengths but not exposed to radiation. Recent tests of Jaffe's theory have been made by Mohler and Taylor,56 Zanstra/ and Clay and van Tijn. 8 Also Stahel 9 has constructed very small ionization chambers with which he has investigated the distribution of intensity of gamma-ray ionization produced in water phantoms. His work being concerned only with relative intensity measurements, he used comparatively low field strengths.
Jaffe's theory leads to the following relationship for the ionization current I. at any field X:
where a is the recombination coefficient; u the ion mobility; N, the density of ion pairs per centimeter of column length; and d, the column diameter. Since J (X) is a complicated function, and not easily evaluated at the fields employed by Jaffe (5 kv/cm) this equation was not used to determine the saturation current. However,lO , J (X) approaches 1 for applied fields in excess of about 10 4 v/cm and a plot of 1/1. against I /X approaches a straight line which can be extrapolated to give the recipro cal of the current at infinite fields. This method was successfully employed in the determination of the number of ions per quantum absorbed for liquid carbon bisulphide.
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The function f (X) has also been evaluated by Zanstra 11 for gas under pressures ranging from 8 to 400 atmospheres. There is further interest in the problem of ionization of liquids by radiation, from the point of view of its application to the comparison of X-ray and gamma-ray dosage in materials which approximate the physical properties of body tissue. 12 In refining and extending the earlier measurements numerous interesting features developed, and it is the main purpose of this paper to discuss these features and their bearing upon the measurement of X-rays with liquid ionization chambers. Since the purpose of this work was to later apply the results practically, an endeavor was made throughout, to keep the technique as simple and inexpensive as possible.
II. LIQUIDS
It was desired that the liquids used have the following properties:
(1) Low conductivity when not exposed to ionizing radiation; (2) a relatively large increase in conductivity when exposed to ionizing radiations ; (3) effective atomic number, about that of water (7.5); (4) low viscosity; (5) density of about 1; and (6) low volatility (preferred but not positively essential.)
. Of the various liquids tested 13 carbon bisulphide, ligroin, and tetrahydronaphthalene (tetralin) were most suitable. While ligroin and tetralin, having effective atomic numbers of about 6, were found better suited to the problem of radiation measurement, they had the disadvantage of showing a relatively small increase in conductivity, compared with CS2, when exposed to X-rays. Consequently, CS2 was used in the bulk of the exploratory work. It gave large ionization currents and was relatively easy to purify; however, the dark current was about 10 times that for ligroin and tetralin.
Some degree of purification of all the liquids was necessary and with CS2 it was found that this could be attained without the more elaborate vacuum-distillation scheme used by us earlier.14 Of primary importance was the removal of all traces of lint or dust suspended in the liquid. This necessitated all assembly and filling operations to be carried out within a dust-free hood.
In the early work, a reagent grade of CS2 was passed about 10 times through the same filters of ordinary acid-free filter paper and thence into the ionization chamber. This process dried and cleaned the liquid with fairly satisfactory results. More recently, the CS2 was refluxed with a reagent grade of P20s, after which it was distilled directly into the cell. The cell was then placed under a bell jar which was thereupon exhausted to the point of producing mild boiling of the liquid, tIllS serving to remove any gas bubbles or pockets. This method appeared to be at least as satisfactory as either vacuum distillation or refluxing with sodium. 15 The lowest conductivity obtained with CS2 was 7XI0-16 mhos, and for tetralin, 5 X 10-17 mhos-measurements being made at 22 0 C, with a field strength of 60 kv/cm on a I-mm layer, at least 15 min after application of a steady voltage. 
III. IONIZATION CHAMBERS
The choice of ionization chamber was, in part, determined by the application of the problem to dosage measurement. In the first place, it was desired to measure the total number of ions per cubic centimeter produced in a layer not more than I mm thick at the surface of a liquid "phantom." Secondly, it was desired to keep as small as possible any corrections for absorption in or scattering from the ionization-chamber electrodes.
The two chambers shown in figures 1,2, and 3 were used in most of the experiments. The chamber in figure I consists of a square fusedquartz plate with notches ground in the edges and about which two separate grids of O.I-mm aluminum were woven. In the center is a hole 10 mm in diameter constituting, with the grids, the volume in which the ionization is measured. "\iVhen used in this simple form in a broad X-ray beam there are relatively large stray ionization currents between the grids around the outside of the cell. Since these stray currents may not be proportional to the field strength, they should be eliminated in quantitative work; this was done somewhat crudely by means of mica and quartz shields moun ted around the edges of the chamber.
In the chamber in figure 2 , the electrodes were essentially embedded in a series of carefully ground fused-quartz rings, which in turn were
held closely in position with a thin aluminum ring, r. The bottom of the cell was covered with O.Ol-mm AI. The electrometer lead, supported on quartz beads, passed through a small aluminum tube which, together with the case, was grounded. It was thus impossible for any leakage current to reach the electrometer system except through the desired cell volume. The electrodes for this chamber could be either grids supported on perforated aluminum disks, figure 3, or solid aluminum disks. The latter were turned down at the center to a uniform thickness of about 0.1 mm and drilled with a number of 0.3-millimeter holes to facilitate removal of gas bubbles from the liquid. The use of undrilled plates was usually accompanied by unsteadiness of current at the higher field strengths because of small gas bubbles which could not escape. The ionization chamber was placed in a shallow Pyrex dish of about 20-cc capacity. Leads extending through side tubes passed through grounded metal sleeves to avoid leakage. These tubes were plugged with tin, covered corks and sealed at the outer end with Duco cement. This cement was carefully tested in advance and found to be insoluble in the liquids used, as indicated by failure to affect the conductivity. Dried Cellophane cemented across the top of the dish made it satisfactorily airtight. The liquid to be used was .
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IV. RADIATION X-rays of widely varying intensity and quality were produced by constant potential excitation in thick-walled air-or water-cooled tubes. The chamber was placed about 50 em directly beneath the tube so that the beam passed through it normal to the plates. For comparison purposes the cell was used either imbedded in the surface of a large block of wax, or supported on a light cardboard platform essentially in free air. The X-ray beam was measured in roentgens per minute (r/min) by means of a calibrated thimble chamber.
The shape of the current-voltage curve with the ionization chamber exposed to X-rays was first investigated. It was observed in Jaffe's studies,16 that the steady current value at a given applied potential was reached somewhat gradually, and that after removal of the radiation the r eturn to zero was likewise slow after the first large initial drop. In our earlier work 17 readings were taken 2 minutes after the radiation or the applied voltage was changed. Figure 4 shows the typical performance of an ionization chamber (grid or plate type) under different conditions, the current being plotted as a function of the time. With the first application of v0Jt.agf', t,be current rises almost instantly to a maximum and then decreases to an essentially steady value in about 10 minutes. This is r epeat ed after each increase of voltage; but when the voltage is decreased instead, the opposite occurs-the current starts at a low value and slowly rises to a final steady value. To obtain the same steady-state current after an increasing or decreasing voltage, a lapse of 20 to 30 min is required between the change in voltage and the measurement.
Just before each voltage change in figure 4 , the X-rays were shut off for about a minute, during which a reading of the "leakage" current was obtained. This leakage current was found to increase steadily with the applied voltage.
At the termination of the experiment, the voltage was cut off and the cell momentarily grounded. Upon reconnecting to the galvanometer, without applied voltage, a relatively large reverse current which decayed slowly to zero was observed. This action is, under similar conditions, typical of the various cells and liquids used.
'Whitehead and his coworkers 1819 have obtained somewhat analogous results when transformer oils were subjected without X-rays to fairly high fields (10 lev/em). He advanced the theory that the effects were due to large space charges made up of ion clusters which gave up their charges only very slowly because of the mutual shielding of an aggregate.
As seen below, we have used his general ideas to explain the various phenomena encountered here, although for the present we will not postulate either a space charge or other mechanism such as a polarized layer or barrier sheath at the electrodes.
In support of Whitehead's view we may outline very briefly some simple qualitative experiments with a cell filled with CS2 and connected as shown in figure 5 .
A. vVith the X-rays off, a negative voltage (-V) was applied to the plate a. The negative current to b had initially a high value iii then fell off, as indicated likewise in figure 4, to an essentially steady value in approximately 10 min. Such action may be explained by: (a) the building up of a negative space charge in the liquid or a negative sheath of bound charges at electrode a; (b) the initial r emoval of a large fraction of the ions, which have accumulated in the field-free liquid before the voltage is applied, followed by a much smaller current representative of the rate of production of new ions.
B. After reaching a steady state, the voltage was removed and the cell electrodes momentarily earthed to remove any accumulated charge. On reconnecting the galvanometer, there was a small positive current, i2< il> to a, which decayed to zero in a few minutes. Assuming a space charge in the chamber, removal of the voltage essentially reverses the field within the cell and causes a current in the external circuit opposite in direction. If X-rays are applied to the chamber immediately after the removal of voltage, the positive current flow has a much higher initial value than the small one just mentioned, and appears to reach a steady dark-current state more quickly. Approximately the same quantity of electricity appears to flow in both cases-that is, the area under the time-current curves would be the same. The evidence of space charge is also checked by the charging (up to several hundred volts) of an electrometer connected to the cell after removing the voltage. C. The unconnected chamber was first exposed to X-rays , for some minutes, after which the X-rays were removed and voltage applied. In this case, a large initial negative current, ia::'!Pil' was soon followed by the usual decrease to a lower steady dark-current value. This was produced by an accumulation of ions in the field-free cell being cleared out to merely spontaneous-conduction conditions. The slow decay, rather than nearly instantaneous drop in current, ~ould be ascribed to the building up of a space charge by the moving IOns.
D. With X-rays on continuously, and the voltage changed in steps, the curves in figure 4 were obtained. They may be explained in the same way.
E. When using a grid-type chamber immersed in a large volume of liquid, the time required for the current to reach a steady state under any of the conditions noted, is about twice that required in the case of plate eleetrodes immersed in the minimum amount of liquid; but the end values of the current are the same. This might possibly be interpreted as indicating a volume distribution of space charge rather than a surface distribution, since it would be expected that the latter would be built up, independently of the amount of liquid which circulated between the plates.
FORM OF CURRENT· TIME CURVES
It is obvious from the preceding that "conductivity" has little ), significance without specifying the time lapsed between the application of voltage and measurement of the conductivity. For the purposes of our study, it is also necessary to know the effective field within the chamber. We accordingly investigated the form of the direct-current current-time curves.
For measurements at intervals greater than a minute, a shortperiod galvanometer was used; for shorter intervals, a string electrometer, with a period less than 0.005 sec measured the potential drop over a resistor of about 10 9 ohms (8.8. White). Transit times past the scale divisions were observed visually and recorded on a chronograph tape; longer intervals were timed with a split-second stop watch. Figure 6 shows two current-time curves obtained with a 1-mm grid ionization chamber exposed to X-rays and having applied voltages of 20 kv and 40 kv/cm, respectively. The 20-kilovolt curve appears to be falling even after 15 min, while the 40-kilovolt curve reached a steady state in about 9 min.
Plotting these data logarithmically ( fig. 7) , it is seen that they are straight lines, not quite parallel. The current for 20 ltv is given by
i=43t-o . 077 •
This relation held for times To as low as 0.5 sec. It is obviously . . 1 impossible from these data to compute the current for To= 0; and equally impossible for the current to become infinite at To=O. Figure 8 shows a set of curves made under the same general conditions as those in figure 4-voltage increasing and decreasing by steps. The curve (circles) for increasing voltage are roughly parallel; likewise the curves for decreasing voltage (dots) are also roughly parallel. ' They appear, however, to be made up of two distinct parts, and also have a slope opposite in direction to that of the other curves. The point of intersection of the two curves for the same applied voltage may be taken as the logarithm of the time required to reach an essentially steady state. As indicated by the broken line these times appear to decrease with increasing voltage, as noted previously in connection with figure 6.
It is interesting to remark that Wikstrom 20 has found for solid dielectrics (not exposed to X-rays) similar exponential relationships between current and time-the exponent remaining nearly constant with changes in field strength. His explanation was based on volume polarization-an explanation which would not be satisfactory for nonpolar C82• Moreover, Whitehead and Marvin 21 have made probe measurements, which show potential gradients that would be produced by space charge localized near the electrodes . Kerr effect measurements by Moeller 22 corroborate Whitehead's findings, except that they show an asymmetry in the fields at the positive and negative plates. strength to some value less than that to be expected from the applied voltage. Insofar as concerns the determination of the ionization at infinite field, it at least necessitates a longer extrapolation.
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The magnitudes of the barrier potential were determined in a manner similar to Richardson's 23 method for measuring polarization. As noted above, if after an application of a potential to the cell for a certain time, it is removed and the plate earthed momentarily, a negative current is indicated by the electrometer. If, then, a different potential be applied to the system such that the negative current just disappears, this second potential will be equivalent to the barrier potential built up in the cell due to space charge. 24 The electrical system is indicated in figure 9 . A hand-operated rotary switch connects the cell for any desired period with a source of potential + Vi' By swinging the arm S, as indicated by the arrow, the cell is momentarily grounded by seg- V2-is"strictly proportioned to VI over the whole range of potentials used. ' Curve 1 was taken with X-rays of moderate intensity and curve 2 with no X-rays. Figure 10 , graph B, shows the variation of V2 as a function of the radiation intensity (controlled by varying the tube current). It is seen here that the largest barrier potential is built up without exposure to radiation and that its value decreases steadily with increase in radiation intensity. This is perhaps contrary to expectations that a higher degree of ionization would produce a greater space charge. It is .probably explained, however, by the fact that the increased conductivity of the liquid permits a more rapid dissipation of space charge or ion clusters, which more than offsets the gain in charge due to a greater ionization density throughout the liquid.
DIRECT-CURRENT "CLEAN-UP" OF LIQUIDS
With newly purified liquids there is, in addition to the decrease in conductivity due to space charge, a very much slower decrease due to electrical clean-up. In fact, such a clean-up has been applied by Nikuradse 25 as a phase of his purification process in the preparation of oils for power-factor measurements. Depending upon the type of cell and volume of liquid, electrical clean-up in our cells continued for 2 to 24 hr. Once a liquid had been so cleaned it showed relativel y little recovery of conductivity.
Whitehead 26 in studying the current-voltage curves of transformer oils at field strengths up to 10 kv/cm reports the attainment of a saturation current. We fail to check this result with any of the liquids studied (no transformer oils) . Figure 11 shows a typical current- 
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voltage curve for 082, not exposed to X-rays. It is evident that while the curve is very much flatter than for the same cell when exposed to X-rays, it still shows no evidence of saturation. This particular test was carried out with 082 which had been subjected to careful electrical clean-up. 
VI. SHORT·PERIOD IONIZATION-CURRENT MEASUREMENTS
CURRENT-MEASURING SYSTEM
To be certain that the space charge had no effect other than to effectively decrease the average Held strength in the cell, direct-current measurements of the ionization were made for values of To ranging as low as 0.005 sec. This gives an approach, at least, to the conditions before any space charge has been built up . 89799-36-6 A square-wave voltage, such as indicated in figure 12, voltage is supplied frum a kenotron rectifier having a capacitance of 0.5 J.d, this capacitance being so large in comparison with tbe remainder of the system that the division of voltage introduced no measurable drop in the capacitance of the rectifier. While a small drvp is of no importance in itself, its recovery would induce a charge in the electromet,er system. The absence of such recovery was tested by means of a moderate-frequency high-voltage string voltmeter 27 attached at m. At the same time a separate capacitance several times tpat of the cell was placed in the position of the cell in order to exaggerate any effect. The electrometer system is connected to brush D, which keeps the system earthed, except when in contact with the segment d.
rfhe length of this ungrounded interval is varied by adjusting D at different points across the rotor. Phase position is adjusted by rotating the brush holders. The fifth commutator is for the purpose of keeping sector d earthed while not connected to the electrometer; this is to prevent its picking up any stray charges. By suitable adjustment it is possible to connect the electrometer to the cell at any point, such as b, at a time To after the voltage reaches a maximum value at a, and to maintain the connection for any interval such as b-c.
A string electrometer is connected to the system as shown, with a potentiometer for adjusting a balancing voltage applied across resistance r, which is of the order of 10 9 ohms. Resistance r also serves as a shunt to the electrometer which thus acts as a current indicator. Flexible shielded rubber cables lead to the cell, commutator, etc. The system was calibrated at the beginning and end of each run, but over a period of 18 months was found to vary only about 2 percent in sensitivity.
In making observations, the potentiometer voltage v was adjusted until flicker of the electrometer essentially disappeared; the ionization current was given by vir. When the interval, b-c, was made too long, complete balancing of the current was not possible because the building up of space charge caused an appreciable lowering of the conductivity. In such cases one of two procedures was followed . First, the balance condition would be taken as the point where the electrometer impulse just ceased to occur in the over-balance direction. After the first few trials this point could be repeated with fair accuracy. Secondly, a neon lamp, used for illuminating the electrometer scale, was synchronized with the commutator drive shaft so as to cease glowing at a very short interval after b, thereby making it impossible to see the fiber except at the time of the maximum ionization current. This method simplified the balancing, but caused eye fatigue; consequently, the first method was used most of the time.
The interval To was set by varying either the phase position of d or the frequency of the applied voltage. This latter was adjustable within a range 0.01 to 30 rps and was controlled by means of a generator tachometer on the main shaft.
To test for the absence of accumulated space charge, the selectors were adjusted so as to give a current reading, should such exist, at some point such as e. In no case was a measurable current observed.
CURRENT-TIME CURVES
With fixed values of V the net ionization current was measured as a function of To, which was varied by means of the frequency of the voltage alternations-the "dark current" being subtracted from the total in each case. Figure 13 shows a typical curve taken with a high value of V and with a fairly intense beam of radiation (about 75 roentgens per minute). The current scale is arbitrary.
The position of the break, b, appears to depend on both the applied voltage and the jntensity of tbe radiation, qualitative measurements indicating that T& increases with ionization density and decreases with increase in V. It may also be noted that the value of I in the region ab is roughly what would be expected in a liquid free of space charge, on the basis of independent measurements of the barrier potential.
Throughout these experiments the liquids were exposed to X-rays almost continuously, as a consequence of which the ion density without applied voltage would be very large. Thus, when the voltage is first applied to the chamber at To=O, there is this large number of ions which must be swept out before the current indication gives a measure of the rate of production of new ions. The passage of these accumulated ions would account for the portion of the curve be.
However, at the fields used here (40 to 50 kv/cm) the velocity of CS2 ions is of tbe order of 300 cm/s 28 S0 that the expected time oeces-" Van der Bijl. Ann . Physik 39, 170 (1912) . sary to clear the cell would be the order of 0.003 sec, whereas in all of ()ur curves the point b is in the neighborhood of 0.02 sec. A number of possible explanations present themselves-perhaps the simplest of which is the effect of space charge. With the application of potential t o this uniformly ionized liquid, there takes place a segregation of positive and negative ions, which, in turn, establi shes a barrier potential and intensifies the very conditions we are studying. With the applicativn of an electric field, this high ion density cannot be mainp tained and hence the discharge current is of a short duration. Then, at point b the effect due to newly produced ions becomes dominant, and extends over longer periods of time. It may well be that the two effects combine to make up t.he portions of the curve below b, although judging by the very rapid decrease in I between c and b, its effect probably soon becomes negligible . An alternative explanation for the shape of this curve might depend upon the existence of heavy-ion aggregates in the field-free liquid. These, having a much lower mobility, would be cleared more slvwly from the cell. Tbe position of the break b would give to these ion aggregates a velocity of about 30 cmfs which is a reasonable value, corresponding to a mobility of the order of 6 X 10-4 cm/s/v fcm. The portions cb appear to be roughly of the form I =kt-2 , although the points are somewhat scattered. Figure 14 gives a group of curves showing the relationship between reciprocal current (arbitrary units) and reciprocal voltage for the same X -ray intensity but under differen t conditions of measurement. Curve 1 is for direct-current conditions (To= 10 min); curve 2, for a [Vol.J" square-wave voltage of 1.36 cycles/s, and curve 3 for 4.13 cyclesjs; the timing selector was set for 1~=0 . 0146 sec in both cases. It is clearly evident that all curves pass through the same point at l /V = O.
INVERSE CURRENT· VOLTAGE CURVES
The difference in slope between the different curves is associated with the barrier potential or space charge, and it is probable that if actual average field strengths were used for abscissas in place of l/V, all the curves would coincide. This may be seen from J affe's equation.
which is of the form 1jI x =OdX+02, so that if O2 is constant and I jI"" is the same, then the slope 01 must vary directly with 1/X.
Thus, comparing curve 1 (full space charge) with curve 3 (no space charge) we find a slope ratio of 1:2.4, from which we may deduce, on tbe basis of the abscissas for curve 3 being effective field strength, that the effective field for direct-current potentials is in this case only about 42 percent of the applied field, and which is of the right order. This may be a somewhat risky con elusion since it may not be definitely known what value of To should be used for zero space charge. A further complication is introduced when we note that curve" 2 and 3 differ markedly in slope in spite of both having the same value of To, but differing in frequency. When To is varied while holding the frequency constant, the slopes of the curves vary in accordance with the expectations based on figure 8, all curves again pas. ;;ing througb the same point at I jV= O.
X-RAY-INTENSITY MEASUREMENTS
The variation of I"" with the intensity of the radiation is shown in figure 15 , curves 1 and 2 being obtained at 160 kv (constant) with 4 and 8 ma, respectively. The values of I"" obtained by extrapolation are 21.7 and 42.9, being within experimental limits in the ratio of 1:2.
The proportionality of I", to intensity has been found to hold within a range of at least 20:1 for a given quality of radiation. When the quality of the radiation is changed at the same time as the intensity, the proportionality of I", and intensity as measured by air ionization no longer holds. Curve 3, for 8-milliampere and O.4-millimeter copper filtration, gives a value for 1", = 26.7 , making a ratio of 2.13 with the value of I", at no filtration. This compares with a similar ratio of 1.61 obtained by air-ionization measurements with a calibrated thimble ionization chamber.
It may be pointed out that when comparing X-ray intensities of a given quality by means of a liquid ionization chamber, single measurements made at a given chamber potential may be used, provided they fall on the straight portions of the curves. Potentials corresponding to the curved portion of the plots can only rarely be used in intensity comparison. With direct current applied fields in excess of 25 kv/cm must, in general, be used, while with the square-wave voltage, field strengths as low as 10 kv/cm may sometimes be used.
ALTERNATING-CURRENT CLEAN· UP
It may be noted, that contrary to the fact that liquids are subject to direct-current clean-up, there is little or no evidence of alternatmgcurrent clean-up. As the liquid in a chamber ages over a period of several weeks, the leakage current produced by a pulsating voltage may grow steadily larger, but not always. On the other hanel, the ionization current due to X-rays does not change to a measurable extent during this time. Tills would indicate that the liquid is not subject to an effective chemical change, other than to a small amount of electrolytic dissociation; in the case of CS2 some sulphur separates out from exposure to sunlight. The important fact is that the net effect due to radiation is not changed.
EFFECTIVE VOLUME OF IONIZATION CHAMBER
Since it is desired to use the grid type of electrod~ in subsequent work, a study was made of the effective volume of an ionization chamber having grid electrodes. Aluminum wires about 0.1 mm in diameter were strung about 0.9 mm apart on aluminum rings (see fig. 3 ) two of which were placed on both faces of a fused-quartz plate about 70 mm in diameter and having a hole about 1 em in diameter at the center. Several such plates having thicknesses (d) of 0.5, 1.0, 1.5, 2.0, and 2.5 mm were used. The electrodes were so shielded as to prevent any ionization reaching the measuring electrode except from the volume occupied by the hole in the quartz plate.
Reciprocal plots of the ionization current were obtained for different volumes, under the same X-ray conditions, from which saturation currents, I", given in table 1, were obtained by extrapolation. 1 ",/d gives a measure of the ionization per unit volume at different cell thicknesses, and it is seen that the maximum deviation from the mean is only slightly over 1 percent, which is probably less than the experimental error. Comparisons between the ionization per unit volume measured with grids and with thin (0.2 mm) aluminum plates were in fair agreement-the greatest source of uncertainty being the absorption correction necessary for the plates.
IONIZATION WITHOUT X-RAYS
As an explanation of the residual conductivity of such liquids as here used, it has been variously suggested as due to the ionization produced by cosmic radiation. 29 30 However, the conductivity of the purest liquids we have been able to obtain (tetralin) has been much too large to be accounted for on such a basis. For example, the X-ray intensity used for the 8-milliampere curves in figure 15 was of the order of 100 r/m, and gave a value 1",=42.5. At the same time, the dark current or residual conductivity was 0 .5 at a field strength of 60 kv/cm, which would correspond to about 1.1 r /min . . This, compared with a cosmic-ray intensity of the order of 10-5 r /min makes it obvious that cosmic rays cannot have an appreciable effect upon the residual conductivity. It may be possible that a portion of the residual conductivity occurs through the body of the quartz, which has about 10 times the area between plates as the CS2• Even assuming equal conductivities for quartz and CS2 (which is contrary to experience) there is a discrepancy of 10 4 between the measured and calculated cosmic-ray ionization.
UNIPOLAR CONDUCTIVITY
In a short abstract of this work 31 mention was made of a unipolar conductivity in CS2• Careful subs~quent measurements failed to verify this effect for either steady or fluctuating voltages-our earlier measurements evidently having been subject to some unde~ected error. On the other hand, several observers have reported a umpolar conductivity.32 It is probable that their findings are influenced by asymmetrical field conditions introduced through the use of cylindrical electrodes,33 34 or point to plate electrodes.
